South Dakota State University

Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange
Electronic Theses and Dissertations
2017

Native Species for Biomass Production and Roadside Habitat in
South Dakota
Jacob Foley
South Dakota State University

Follow this and additional works at: https://openprairie.sdstate.edu/etd
Part of the Plant Sciences Commons

Recommended Citation
Foley, Jacob, "Native Species for Biomass Production and Roadside Habitat in South Dakota" (2017).
Electronic Theses and Dissertations. 1663.
https://openprairie.sdstate.edu/etd/1663

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.

NATIVE SPECIES FOR BIOMASS PRODUCTION AND ROADSIDE HABITAT IN
SOUTH DAKOTA

BY
JACOB FOLEY

A thesis submitted in partial fulfillment of the requirements for the

Master of Science

Major in Plant Science

South Dakota State University

2017

iii
ACKNOWLEDGEMENTS
First of all, my sincerest thanks and appreciation is extended to the Howard
Buffett Foundation for generously donating the funding necessary to begin this team’s
research. Thank you to Dr. Dwayne Beck, manager of Dakota Lakes Research Farm,
who has guided me, along with multiple students on their path towards a Master of
Science degree while promoting sustainable agricultural practices with the funding from
Mr. Buffett.
Completing this thesis would not have been possible without the time, knowledge
and professional guidance provided by my friend and mentor, Dr. Arvid Boe. Thank you
Dr. Boe for guiding me with your constant support and patience while completing this
research.
Steve Donovan of Ducks Unlimited, along with Pheasants Forever, deserves
thanks for helping push the goals and agenda of this research team in South Dakota.
These two agencies provided guidance and expertise that helped this research team make
progress towards our goals.
My parents, Matt and Linda Foley, have never once hesitated in supporting me
while pursuing my education. Their direction and constant encouragement led to setting
goals and high expectations for myself. My mom and dad will always be my biggest role
models.
Finally, to J.R. Foley, whose foresight saw this thesis coming long before I did.
“EDUCATION IS WHERE IT’S AT!”

iv
TABLE OF CONTENTS
Page
LIST OF FIGURES…………………….………………………………………………....v
LIST OF TABLES………………………………………………………………...…....viii
ABSTRACT…………………….……….………………………………………...............x
CHAPTER 1 ABSTRACT………….………………………………………...…..............1
INTRODUCTION……………………….……………………………………………......2
MATERIALS AND METHODS……….………………………………………………..5
Roadside Vegetational Composition and Biomass Production Study……..……....5
Biomass Accumulation Pattern for Native Warm-season Grasses and Smooth
Bromegrass..............................................................................................................8
Ancillary Observations of Biomass Production From Previous and Current Native
Warm-season Grass Establishment Activities……………………….…….....……9
Establishing Native Plants in Smooth Bromegrass Sod………….………………10
Final Assessment of Forb and Grass Establishment Experiments……………….13
RESULTS…………………………………………………………………….................14
Roadside Vegetational Composition and Biomass Production Study…….….…..14
Biomass Accumulation Pattern for Native Warm-season Grasses and Smooth
Bromegrass………………………………………………………………………19
Ancillary Observations of Biomass Production From Previous and Current Native
Warm-season Grass Establishment Activities…………………….….…….....…19
Establishing Native Plants in Smooth Bromegrass Sod…………………………21
Transplanted Forbs……………...……………….………….……………………21
Seeded Forbs…………………………………………………………………….26
DISUSSION………………………….…………………….………………………..…...29
Roadside Vegetational Composition and Biomass Production Study…………....29
Biomass accumulation pattern for native warm-season grasses and smooth
bromegrass.............................................................................................................30
Ancillary Observations of Biomass Production From Previous and Current Native
Warm-season Grass Establishment Activities…………………….….…….....…31
Establishing Native Plants in Smooth Bromegrass Sod…………………………31
Final Assessment of Forb and Grass Establishment Experiments in July 2017....32
Epilogue………………………………………………………………………….34
LITERATURE CITED……………….…………………………………….……………40
CHAPTER 2 ABSTRACT………….……………………………………………….......43
INTRODUCTION. …………………….………………………………………………..44
MATERIALS AND METHODS……….………………………………………………..46
Site Description…………………………………………..……………………..46
Germplasm Description…………………………………………………………48
RESULTS…………………………….……………………………………….................51
Biomass Production……………………………………………………………..51
Crown Morphology, Inhibition and Plant Height……………………………….53
Biomass by Year…………...……………………………………………………56
DISCUSSION…………………………….……………………………………………...62
LITERATURE CITED…………………….…………………………………………….68

v
LIST OF FIGURES
Figure

Page

CHAPTER 1
Figure 1a. Vegetation composition and biomass sample locations from roadsides along
transects for SD Highways 14 (top), 34 (middle) and 50 (bottom). Samples were
collected during May and June of 2015 and 2016.………………….………...……….…6
Figure 1b. Vegetation composition and biomass sample locations from roadsides along
the I-29 transect. Samples were collected during July and August of 2015 and 2016…...6
Figure 2. All of the vegetation biomass and composition sample locations from roadsides
in eastern South Dakota in 2015 and 2016………………………..….…………….…….7
Figure 3. Mean biomass yields from samples collected in roadsides along SD highways
14, 34 and 50 during late May-early June in 2015 and 2016……………………….……15
Figure 4. Roadside vegetation along SD Hwy 14 near Volga, SD (44.32593, -96.93815)
composed of introduced cool-season smooth bromegrass and Kentucky bluegrass and
native cool-season western wheatgrass. 2 June 2016……………………………………16
Figure 5. Roadside vegetation along SD Hwy 34 (43.978417, -96.694917) composed of
introduced cool-season Kentucky bluegrass, reed canary grass and smooth bromegrass. 7
June 2016………………………………………………………….……………………..16
Figure 6. Roadside vegetation along SD Highway 50 (42.78635, -96.966583) composed
of native warm-season switchgrass and prairie cordgrass and introduced cool-season
Kentucky bluegrass. 6 June 2016……………………………………………………...…17
Figure 7. Roadside vegetation along SD I-29 (44.154317, -96.760467) composed of
introduced cool-season smooth bromegrass and Kentucky bluegrass. 26 May
2015.…………………………………………………………….………………………..17
Figure 8. Variation for mean biomass production in roadsides, averaged across years,
among seven sites along I-29 sampled during summer of each of 2015 and 2016...……18
Figure 9. Mean biomass yields for swards of ‘Bison’ big bluestem (BBS) and ‘Rebound’
smooth bromegrass (SBG) for each of four sampling dates during 2016 at Felt Farm near
Brookings, SD………………………………….………………………………………...19

vi
Figure 10a. Standing switchgrass after sampling near Dakota Lakes Research Farm
(44.29495, -100.00589). 11 August 2015..........................................................................20
Figure 10b. Harvested sample of switchgrass in black plastic bag vs. smooth bromegrass
sample in brown paper bag taken near Dakota Lakes Research Farm (44.29495, 100.00589) showing large difference between species for biomass production. 11 August
2015……….………………...............................................................................................20
Figure 11. Biomass partitioning of switchgrass in three 15-cm segments from ground
level to 45 cm harvested at Felt Farm (44.5240, -96.7702) on 9 November 2015.……...21
Figure 12a. Excellent stand of common yarrow in seeded plot (seeded November 2015) at
Felt Farm (44.5240, -96.7702). 25 October 2016……….………………...……………..24
Figure 12b. Frequency grid evaluation of November seeded forbs at Felt Farm (44.5240,
-96.7702). Common yarrow only species present. 6 December 2016.…..…………...…24
Figure 13a. Common yarrow transplanted July 2015 at Felt Farm (44.5240, -96.7702).
Note the abundance of branches. 26 September 2016. ……………...................……......25
Figure 13b. Hoary vervain transplanted at Felt Farm (44.5240, -96.7702) in July 2015.
Note inflorescences produced multiple purple flowers. 13 July 2016…………………...25
Figure 14a. July 2015 transplanted purple coneflower in flower at Oak Lake field station
(44.50489, -96.53133). 26 September 2016...………………………….……………..…25
Figure 14b. July 2015 transplanted common yarrow flowering at Felt Farm (44.5240,
-96.7702). 23 June 2016……..……………………………………………………...…....25
Figure 15. Big bluestem transplanted July 2015 into smooth bromegrass dominated plots
at the Felt Farm (44.5240, -96.7702). 3 July 2017………………………………..……..26
Figure16a. Excellent stand of red clover from spring seeding in 2016 at the Felt Farm
(44.5240, -96.7702)). 25 October 2016………………………………………..………...27
Figure 16b Adequate stand of red clover for spring seeding in 2016 at the Oak Lake
Research Station (44.50489, -96.53133). 26 September 2016.….………………………27
Figure 17a. Native forb mixture seeded at the Felt Farm (44.5240, -96.7702) on 4
November 2015 showing strong common yarrow growth. 3 July 2017…………………27
Figure 17b. Monoculture red clover seeded at the Felt Farm (44.5240, -96.7702) on 26
May 2016. 3 July 2017…………………………………………………………………..27

vii

Figure 18. Monoculture seeding of big bluestem at the Felt Farm (44.50489, -96.53133).
Seeded on 26 May 2016. 3 July 2017……………………………………………………28
Figure 19. Comparison of mean frequency grid counts of seeded forb and red clover
whole plots at Felt Farm (44.5240, -96.7702) north of Brookings, SD on 6 December
2016. Plots were seeded in either 4 November 2015 (fall) or 26 May 2016 (spring)…...28

CHAPTER 2
Figure 1. Crowns of little bluestem with the easily distinguishable zone of inhibition postharvest October 2016………………………….…………………………………………50
Figure 2. Crowns of ‘Camper’ after burning standing biomass on 22 April 2016……....50
Figure 3. Effect of the entry x density interaction on little bluestem biomass in 2012….52
Figure 4. Little bluestem plots at Aurora, SD (44.30395°, -96.67097°). Pictured at two
rows running vertically with plot density 6 on the left and density 3 on the right. 1-2417…………………………………………………………………………………………55
Figure 5. Mean biomass yields (Mg/ha-1) of little bluestem and switchgrass from 2012,
2013 and 2016 growing seasons…………………………………………………............57
Figure 6. Standing biomass of little bluestem and switchgrass during late August 2012.
The pitchfork stands at 1.6 m tall and is placed directly left of the switchgrass. This
biomass was left standing overwinter and harvested in May of 2013……………….......58
Figure 7. Standing biomass at of little bluestem and switchgrass during September 2013.
The pitchfork stands at 1.6 m tall and is placed directly left of the switchgrass. This
biomass was left standing overwinter and harvested in May of 2014…………………...59
Figure 8. Standing biomass of little bluestem and switchgrass during late October 2014.
The pitchfork stands at 1.6 m tall and is placed directly left of the switchgrass. This
biomass was left standing until being burnt off on April 22, 2016………………………60
Figure 9. Standing biomass of ‘Camper’ during October, 2016. This cultivar yielded
higher than other cultivars in 2016 with 3.97 Mg/ha. …………………………………...61

viii
LIST OF TABLES
Table

Page

CHAPTER 1
Table 1. Roadside vegetation biomass and composition sample identification codes (SD
Highway number-sample site number) and their GPS coordinates for samples collected in
eastern South Dakota during 2015 and 2016…………………….……………………….7
Table 2. Grass and forb species planted in predominantly smooth bromegrass sod at the
South Dakota Agricultural Experiment Station Felt Farm (44.5240 , -96.7702) near
Brookings, SD and the South Dakota Agricultural Experiment Station Oak Lake Field
Station (44.50489, -96.53133) near White, SD during 2015 and 2016……………..…...14
Table 3. Mean biomass yields (Mg/ha) and coefficients of variability (CV) for
unimproved roadside vegetation (smooth bromegrass) compared with interseeded
switchgrass in the year after planting near Dakota Lakes Research Farm (44.29495,
-100.00589) on 11 August2015…………………………….……………………………20
Table 4a. Analysis of variance for frequency of survival in September 2016 for five
species of forbs transplanted into smooth bromegrass dominated sod in July 2015 at Felt
Farm (44.5240, -96.7702)…………………………….………………………………….22
Table 4b. Analysis of variance for frequency of survival in September 2016 for five
species of forbs transplanted into smooth bromegrass dominated sod in July 2015 at the
Oak Lake Research Station (44.50489, -96.53133).………………………………...…...22
Table 5a. Mean plant survival in September 2016 for five forb species transplanted into
smooth bromegrass dominated sod at Felt Farm (44.5240, -96.7702) in July 2015……..23
Table 5b. Mean plant survival in September 2016 for five forb species transplanted into
smooth bromegrass dominated sod at the Oak Lake Research Station (44.50489,
-96.53133) in July 2015.…………...…………………………………………………….23
Table 6. Analysis of variance for morphological characteristics of interest for pollinator
attractiveness collected in 2016 for three forbs transplanted into smooth bromegrass
dominated sod in July 2015 at Felt Farm and the Oak Lake Research Station (44.50489,
-96.53133).……………………………………………………………………………….24
Table 7. Mean numbers of branches and infloresences and plant height of common
yarrow, hoary vervain and purple coneflower (PCF) transplants in smooth bromegrass
dominated sod at Felt Farm (44.5240, -96.7702) and the Oak Lake Research Station
(44.50489, -96.53133) in 2016…………….……………………………………..……..24

ix
CHAPTER 2
Table 1. Precipitation (mm) data collected at the SDCIA Aurora Research
Farm(44.30395°, -96.67097°) from the months of April to October……………………49
Table 2. Analysis of variance for little bluestem biomass in 2012, 2013 and 2016 growing
seasons…………………………………………………………………………………...51
Table 3. Mean yields (Mg/ha-1) for 2012, 2013 and 2016 for switchgrass vs little
bluestem, ‘Camper’ vs ‘Badlands’ + ‘Itasca’, and ‘Badlands’ vs ‘Itasca’……………….53
Table 4. Analysis of variance for the effect of ENT, DEN, SPC on CROWN, ZIF and
ZIH along with their interactions………………………………………………………...54
Table 5. Mean areas of all little bluestem CROWN, ZIF and ZIH area (cm2) for two
densities (DEN)………………………………………………………………………….54
Table 6. LSD pairwise comparison of the interaction effect of density and spacing on the
crown area (cm2)…………………………………………………………………………54
Table 7. Minimum and maximum area measurements (cm2) for crown, ZIF and ZIH….56
Table 8. Average height and pairwise comparison of one cultivar of switchgrass and three
cultivars of little bluestem………………………………………………………………..56

x
ABSTRACT
NATIVE SPECIES FOR BIOMASS PRODUCTION AND ROADSIDE HABITAT IN
SOUTH DAKOTA
JACOB FOLEY
2017
Native grasses and forbs are being considered for planting along South Dakota
roadsides to create a favorable habitat for wildlife while also allowing landowners a
source of forage and biomass production. South Dakota is host to 54,900 hectares
(145,000 acres) of right-of-way that are managed by the South Dakota Department of
Transportation. Approximately 80% of the roadsides are used by landowners for hay
production. Species diversity and potential biomass yield were determined for the
current roadside vegetation along four transects (SD Highways 14, 34 and 50) and SD I29 between White, SD and Elk Point, SD. Smooth bromegrass (Bromus inermis) was
dominant in 80% of the samples. Height, survival and flower production are important
for deciding species to use for improving pollinator habitat from roadside seed mixes.
Forb and native grass establishment characteristics were determined in smooth
bromegrass sod at two locations in eastern South Dakota. Hoary vervain (Verbena
stricta) was the tallest and had the highest survival rate of six forb species tested.
Little bluestem (Schizaryium scoparium) has played an important role in South
Dakota’s native prairie and planted grassland diversity because of its capacity to grow on
coarse-textured soils in semi-arid climates (Daubenmire, 1978). To compare its biomass
production and morphological characteristics to those of switchgrass (Panicum virgatum)
over time, effects of row spacing and plant density on biomass production were

xi
determined for three cultivars of little bluestem and one switchgrass cultivar. Little
bluestem and switchgrass had similar biomass yields in the year after establishment, but
little bluestem produced higher yields than switchgrass in the third and subsequent years
after establishment, indicating that it was suitable for long-term biomass production in
eastern South Dakota.
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CHAPTER 1
ABSTRACT
ESTABLISHING NATIVE SPECIES INTO SOUTH DAKOTA ROADSIDE
ENVIRONMENTS FOR HABITAT AND BIOMASS PRODUCTION
JACOB FOLEY
2017

South Dakota has 58,690 hectares of land along state highway rights of way. In
many parts of the state, these areas are dominated by smooth bromegrass (Bromus
inermis), a cool-season, introduced species that may be invasive in native grasslands.
Roadside vegetation sampling in eastern South Dakota during the summers of 2015 and
2016 along SD Highways 14, 34, and 50 indicated 80% of the samples were dominated
by smooth bromegrass. At peak standing crop in June, that vegetation produced 1.3
Mg/ha; whereas during August, native warm-season grass dominated vegetation along
Interstate 29 in southeastern South Dakota yielded about 4 Mg/ha. Native forbs have
potential for improving pollinator habitat in roadsides in South Dakota. Research to
determine differences between six species of forbs for establishment from transplanting
and seeding into smooth bromegrass dominated sod, survival, and morphological traits
related to pollinator attractiveness was conducted at two locations in eastern South
Dakota during 2015 and 2016. Large differences were found among forbs for
establishment and morphological traits related to pollinator attractiveness. For example,
hoary vervain (Verbena stricta) was the tallest, had the highest rate of plant survival, and
produced abundant flowers. Plant height, survival, and flower production are important
factors for deciding species to include in roadside habitat enhancement mixtures.
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INTRODUCTION
The global human population is predicted to reach 10 billion by 2050. Thus, to
produce enough food for a growing population, how we utilize crop commodities will
eventually have to change. For example, farmers in the United States currently have the
option to sell their harvested corn (Zea mays L.) grain crop for production of ethanol. This
practice has spurred a discussion about whether major food crops should be used for fuel.
There may be a time in the near future where every single bushel of grain produced is
needed to feed the masses. Conversely, if the production of ethanol from grain crops is
reduced, our fossil fuel supply will correspondingly expire sooner.
To counteract the sole use of fossil fuels, several renewable resources have been
identified for ethanol production. Using native grass species, like switchgrass (Panicum
virgatum), for cellulosic ethanol production has been intensively researched for the past 20
or so years. But, the issue of land usage arises. Since the demand for food will increase in
response to growth in the human population, we will need every arable acre for crop
production. This leaves marginal land that is unsuitable for conventional crop production
for production of ethanol from fermentation of cellulosic biomass crops, or biofuels from
other conversion processes, such as combustion or pyrolysis. In response to the “food
versus fuel” dilemma, recently the Howard Buffet Foundation provided funding to the
Dakota Lakes Research Farm, Pierre, SD, to explore the feasibility of producing cellulosic
biomass from roadsides.
A large source of what some might consider underutilized land resides along our
nation’s interstate highways and individual state’s highways and roadways. Many
roadsides and medians in the northern Great Plains are dominated by nonnative, cool-
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season grasses like smooth bromegrass or Kentucky bluegrass (Poa pratensis), that when
harvested during June or July produce low yields of low quality hay. South Dakota has
58,690 hectares (145,000 acres) of right of way along state roads, and approximately 80%
of those are cut for hay by landowners.
Native warm-season grasses such as switchgrass (Panicum virgatum), big
bluestem (Andropogon gerardii), and indiangrass (Sorghastrum nutans) are being
considered for forage and/or biofuel production and enhancing ecosystem goods and
services along state highways and rights of way in South Dakota. Some states utilize the
right of way acres in their state by planting native grass mixtures and flowering forb
species to promote native plant diversity. Planting native species can offer numerous
benefits to the environment. Flowering forbs can be used as a food source for pollinator
insects as well as creating an aesthetically pleasing scene along roadways. Native grasses
are tall, deep-rooted plants that could harbor wildlife, clean runoff water from roads and
cropland while generating a high yielding biomass crop.
At this time, the South Dakota Department of Transportation (SDDOT) plants
mixes of native species in state highway roadsides if soil has been disturbed during a road
grading project. However, their mixtures lack diversity and proper management after
planting and are often quickly invaded and outcompeted by smooth bromegrass,
rendering the planting ineffective. The ideas behind the study at hand start with Lady
Bird Johnson, First Lady to President Lyndon B. Johnson, in 1965. Lady Bird believed
that America’s roadsides were being mistreated, being used primarily for advertising with
billboards. Her belief was that America could be beautified with wild flowers, with plans
laid out in The Highway Beautification Act of 1965 (Procopiou, 2015). Today, states like

4
Iowa and Missouri are leading the way in roadside utilization. In 1990, the Living
Roadway Trust Fund was created in Iowa to provide funding for research and roadside
beautification projects using native species. Counties across the state of Iowa can apply
for funding that pays for seed and equipment to manage roadsides subject to high erosion
and weed invasion. Iowa uses native species to beautify their roadsides, provide habitat
for birds and important pollinator insects, prevent erosion and trap blowing snow (UNI
Tallgrass Prairie Center, 2016). The state of Missouri is actively planting native grass
species to control weed infestations and limit roadside management activities.
Thousands of miles along state highway shoulders in South Dakota are mowed to
allow drivers ample time to avoid wildlife coming out of the roadside ditch. Missouri
plants short native grass species along roadside shoulders, which saves labor and
machinery costs. From 2004-2006, Missouri identified 1,100 acres of at risk roadsides
and converted the vegetation to a high diversity mix of native species (Rand Swanigan,
MDOT, personal communication, 2016).
The primary goals and objectives of this research were to (i) conduct latitudinal and
longitudinal gradient studies to describe the current vegetation, in terms of productivity
and biodiversity, present in South Dakota roadsides and (ii) evaluate the establishment
potential and growth patterns of pollinator friendly species transplanted or seeded into
suppressed perennial grass sod similar to that present in roadsides throughout eastern SD.
A secondary goal was, during the timeframe of the conduct of the primary objectives, to
(i) provide information in response to inquiries from agencies and others regarding aspects
of using perennial native grasses to enhance biomass production and environmental
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benefits from roadsides in South Dakota, and (ii) record observations made from roadside
habitat improvement activities initiated before or during this time period in South Dakota.

MATERIALS AND METHODS
Roadside Vegetation Composition and Biomass Production
To ascertain the vegetative composition of typical roadsides along state and
interstate highways in South Dakota, stratified random sampling was conducted during
the summers of 2015 and 2016 (Figures 1a, 1b and 2). Sampling primarily in the eastern
one-third of South Dakota, roadside vegetation was sampled at 16-km intervals for a total
distance of about 64 km (total of 3 or 4 samples for each transect) along east-west state
highways (SD Highways 14, 34, and 50) that intersect I-29 (Figure 1a). The highways
served as transects that accounted for latitudinal variation across about 170 km. The
distance between collection sites within a transect accounted for longitudinal variation.
The starting points for each transect had similar longitudinal coordinates. GPS
coordinates were recorded (Table 1), and standing biomass was collected at ground level
for a 0.25-m2 quadrat for each site during each of 2015 and 2016. Samples were placed in
large paper bags on site and transported back to Brookings where they were allowed to
air-dry for at least 48 hours before being sorted by species. Each species component in
the sample was weighed separately to determine its contribution to the total biomass of
the sample.
The same sites were sampled each year, but the placement of the quadrat was
different to avoid sampling the same quadrat each year. The majority of the sampling was
during the last week of May through the first week of June. This timeframe was chosen
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because introduced cool-season grass species that dominated the roadsides generally
reach peak biomass during this time-period (Sedivec, et al., 2007).
The sampling of roadside vegetation composed of both introduced cool-season
and native warm-season grasses was during the first week of August. Since the roadsides
along east-west highways in eastern SD have very little warm-season biomass
production, I-29, which runs north-and-south, was chosen for this activity (Figure 1b).

Figure 1a (left). Vegetation composition and biomass sample locations from roadsides
along transects for SD Highways 14 (top), 34 (middle) and 50 (bottom). Samples were
collected during May and June of 2015 and 2016. Figure 1b (right). Vegetation
composition and biomass sample locations from roadsides along the I-29 transect.
Samples were collected during July and August of 2015 and 2016.
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Figure 2. All of the vegetation biomass and composition sample locations from roadsides
in eastern South Dakota in 2015 and 2016.
Table 1. Roadside vegetation biomass and composition sample identification codes (SD
Highway number-sample site number) and their GPS coordinates for samples collected in
eastern South Dakota during 2015 and 2016.
Sample
ID

Lat/Long

Sample
ID

Lat/Long

Sample
ID

Lat/Long

14-001

44.32593, -96.93815

29-001

44.241183, -96.758183

29-011

45.283117, -97.052317

14-002

44.36955, -97.159017

29-002

44.154317, -96.760467

25-001

44.3661, -97.551867

14-003

44.36155, -97.400633

29-003

44.053067, -96.759833

25-002

44.189667, -97.551533

14-004

44.376267, -97.541567

29-004

42.690683, -96.6992

25-003

44.026483, -97.550683

34-001

44.00795, -97.462133

29-005

42.641233, -96.6242

13-001

44.0552, -96.58725

34-002

43.978517, -97.024267

29-006

44.4464, -96.756283

324-001

44.239267, -96.694267

34-003

43.978417, -96.694917

29-007

44.552283, -96.756817

90-001

43.609133, -96.995583

50-001

42.78635, -96.966583

29-008

44.685767, -96.83525

90-002

43.66685, -97.135083

50-002

42.881567, -97.190433

29-009

44.83735, -97.011117

50-003

42.90895, -97.451767

29-010

45.063717, -97.055483
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Biomass and vegetation composition data were subjected to analyses of variance
for a factorial, using Statistix 8 with transect and year fixed (Analytical Software, 2003).
Means were separated using Fisher’s least significant difference.

Biomass Accumulation Pattern for Native Warm-Season Grasses and Smooth
Bromegrass
To estimate trends in biomass accumulation during the growing season and times
of peak biomass for big bluestem and low-input old swards of smooth bromegrass similar
to those on roadsides in eastern South Dakota, swards of ‘Bison’ big bluestem and
‘Rebound’ smooth bromegrass, which were located on the same soil type (McIntoshBadger silty clay loam) on the South Dakota Agricultural Experiment Station Felt Farm
(hereafter Felt Farm) near Brookings (44.5240, -96.7702) , were sampled on 23 June, 11
July, 8 August, and 25 October 2016. Big bluestem was planted in 2013 and the smooth
bromegrass in 2009. The smooth bromegrass sward had minimum inputs between
planting and 2016, having been fertilized with 75 kg/N/ha once in 2012. The condition of
the smooth bromegrass could be classified as ‘sod bound’, low vigor associated with low
soil fertility (Mousel and Smart, 2007). The big bluestem monoculture received 89.3
kg/N/ha in urea fertilizer in late May 2016. Three replications of 0.25 m2 quadrats of the
standing crop were harvested near ground level for each species on each date. Harvested
wet samples from each quadrat were dried for 48 hours at 60o C to determine biomass.
Quadrat samples collected after the first date were adjacent to previous quadrats to avoid
re-sampling from the same quadrat.
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This experiment was a completely randomized design, with among harvest date
and within harvest date sources of variation for each species. Biomass data were
subjected to one-way analysis of variance, using Statistix 8 with harvest date fixed
(Analytical Software, 2003). Means were separated using Fisher’s least significant
difference.

Ancillary Observations of Biomass Production from Previous and Current Native WarmSeason Grass Establishment Activities
A study designed to demonstrate the potential for establishing switchgrass in
smooth bromegrass-dominated roadside sod was conducted by Dr. Dwayne Beck along a
2-kilometer section of SD Hwy 34 that includes adjacent property of the Dakota Lakes
Research Farm (44.29495, -100.00589) near Pierre, SD. Switchgrass was seeded in the
spring of 2014 using commercial planting equipment (John Deere 750 no-till drill) after
subduing the standing vegetation with an appropriate rate of glyphosate. On 11 August
2015 when the switchgrass was in late anthesis, five vegetative samples spaced
equidistant spanning the 2-kilometers of roadside (south side of Hwy 34) were collected
at a stubble height of 10 centimeters using a walk behind sickle bar mower in the
switchgrass planting. In addition, similar sampling was conducted in the roadside on the
north side of Hwy 34 in vegetation dominated by smooth bromegrass for comparison.
Samples were 4.5 m long and 0.81 m wide (width of sickle bar). Entire harvested
samples were weighed with a scale of 0.02 kg precision. Subsamples from each species
sample (switchgrass or smooth bromegrass) were taken to calculate moisture for biomass
determinations.
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Another roadside improvement study that I observed was initiated north of
Highmore, SD (44.65269, -99.45224) along Hwy 47 during 2016. Each location
consisted of 4 km of roadside that was sprayed with 3.5 L/ha of RoundUp PowerMAX
before being planted to a native species mix with commercial no-till equipment on 23
May 2016. This experiment was collaborative between Ducks Unlimited and adjacent
landowners.
In response to the SDDOT’s regulation on roadside mowing heights, the
partitioning of switchgrass biomass was studied using five 0.25 m2 quadrat samples from
a sward of ‘Sunburst’ switchgrass that was planted in 2013 at the Felt Farm near
Brookings. Individual samples were harvested near ground level on 9 November 2015
and partitioned into three 15 cm sections (the basal 15 cm, the next vertical 15 cm, and
the next vertical 15 cm; any biomass above 45 cm was discarded). Partitioned sections of
the samples were weighed on a scale with 0.1 g accuracy for biomass estimation.
Quantitative description of the variation for biomass production and species
composition in roadsides along 1-29 between Brookings, SD and Sioux City, IA was an
expected result from the successful completion of the primary objectives of this study.
However, I also made several trips between Brookings and Summit, SD (45.283117,
-97.052317) during the summer of 2016 for visual assessment of the relative proportions
of cool-season vs. warm-season grass in the roadside vegetation.

Establishing Native Plants in Smooth Bromegrass Sod
To test the timing of effectiveness of smooth bromegrass control methods,
experiments were conducted at two locations in eastern South Dakota. Those sites were
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the Felt Farm and the South Dakota Agricultural Experiment Station Oak Lake Research
Station (hereafter OLFS) (44.50489, -96.53133) north of White, SD. These sites were
chosen because they had mature stands of smooth bromegrass similar to those in
roadsides in eastern SD. The soil at Felt Farm was a McIntosh (fine-silty, mixed,
superactive, frigid Aquic Calciudoll)-Badger (fine, smectitic, frigid Vertic Argiaquoll)
silty clay loam soil. The soil at the OLFS was a Singsaas (find-loamy, mixed,
superactive, frigid Haplic Vermudoll)-Waubay (fine-silty, mixed, superactive, frigid
Pachic Hapludoll) silty clay loam (NRCS, WebSoil Survey, 2016).
Six species of forbs and three species of native warm-season grass were
transplanted or seeded at different times of the year to evaluate survival and
establishment successes (Table 2). All six of the forb species were transplanted as
seedlings and seeded. All three grass species were transplanted as seedlings; however,
only switchgrass and big bluestem were seeded.
The experimental design for the grass and forb establishment study was a split
plot. Whole plots were three management treatments for the existing vegetation, i.e., 1)
mowing to a short stubble height in June 2015; 2) mowing + fall application of
glyphosate in 2015 to kill existing bromegrass; and 3) mowing + spring application of
glyphosate in 2016 to kill existing bromegrass. In June, 2015, nine whole plots at each
location were delineated to be 8.2 m x 5.5 m. After delineation, the standing vegetation
was removed with a rotary mower with bagger attachment to simulate a typical haying
operation.
On 10 July 2015 at the Felt Farm, grass seedlings (Table 2) were transplanted in a
randomized design with three replications of 9 plants on 0.91 m centers for each grass
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species within each mowing treatment whole plot. Three replications of six plants of each
forb species were planted with 0.91 m between row and 0.68 m within row spacing
between plants for a total of 36 forb plants per replication. This same design was
employed on 13 July 2015 at Oak Lake for one of the mowing treatment whole plots.
However, only forbs were planted in the other two mowing whole plots at the OLFS.
Four transplants of each species were planted in each of the remaining two mowing
treatment whole plots, for a total of 24 plants per block. Forbs were spaced on 1.37 m
centers.
Three whole plots at each location were randomly selected for a fall application of
glyphosate and seeding of native species. The remaining three whole plots at each
location were treated in the spring with glyphosate and seeding. Makaze herbicide,
which contains 41% glyphosate as the active ingredient, was used for this experiment.
Herbicide was applied using a wick pull behind weed roller to prevent drift to
surrounding plots on 21 October 2015 at both locations. Per application instructions,
Makaze was added at a rate of 79 ml/L of water for smooth bromegrass control. Each
whole plot received 7.5 L of mixed herbicide to achieve complete coverage.
Eight native species were planted one week after herbicide was applied. Species
planted from seed were the same as those transplanted, with the exclusion of prairie cord
grass. Switchgrass and big blue stem were seeded at a rate of 9 kg/ha with forbs being
planted at 2.2 kg/ha. Two plots per treatment at each location received this native mix.
The third plot received the grasses, but had the forbs replaced with red clover (Trifolium
pratense) as a control, also at a rate of 2.2 kg/ha. Grass species were planted as
monocultures with forbs planted as a mixture. ‘Sunburst’ (switchgrass), ‘Bonilla’ (big
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bluestem) and the forb mixture were supplied by Millborn Seeds, Brookings, SD.
Seeding was in rows like with the transplanting, being spaced 0.91 m apart. Seedbed
preparation was minimal. To create a furrow in the no-till seedbed, a bed edger, a walk
behind piece of equipment, was used for creating trenches. For this experiment, it
created a shallow seed placement, approximately 10-20 mm deep. Seed was weighed
prior to planting, and seeded by hand into the shallow furrows.
Data collected from these plots pertained only to the forb species due to lack of
grass growth in year of seeding. From the transplanted species, forb survival, height,
number of infloresences and number of branches per plant were collected at the end of
the 2016 growing season. Stand establishment data for seeded forbs were collected using
a frequency grid (Vogel and Masters, 2001) to determine success of stand establishment
at Felt Farm only. Of the nine rows of seeded forbs per whole plot, four rows were
evaluated for forb growth by counting standing plants in ten frequency grid points per
row.

Final Assessment of Forb and Grass Establishment Experiments
During early July 2017, I conducted final visual evaluations of the forb and grass
transplanting and seeding experiments at the Felt Farm and Oak Lake Field Station to
determine the success of those transplantings and interseedings of native grasses and
forbs and red clover after two growing seasons. That assessment should take into
account any changes in stand as a result of loss plants due to non-adaptation and increase
in plants due to sporadic germination.
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Table 2. Grass and forb species planted in predominantly smooth bromegrass sod at the
South Dakota Agricultural Experiment Station Felt Farm (44.5240, -96.7702) near
Brookings, SD and the South Dakota Agricultural Experiment Station Oak Lake Field
Station (44.50489, -96.53133) near White, SD during 2015 and 2016.
Transplanted Seedlings
Switchgrass
Panicum virgatum
Prairie cordgrass
Spartina pectinata
Big bluestem
Andropogon gerardii
Hoary vervain
Verbena stricta
Purple coneflower
Echinacea purpurea
Rough blazingstar
Liatris aspera
Milkweed
Asclepias syriaca
Wild bergamot
Monarda fustulosa
Common yarrow
Achillea millefolium

Seeded Species
Switchgrass
Panicum virgatum
Big bluestem
Spartina pectinata
Red clover
Trifolium pratense
Hoary vervain
Verbena stricta
Purple coneflower
Echinacea purpurea
Rough blazingstar
Liatris aspera
Milkweed
Asclepias syriaca
Wild bergamot
Monarda fustulosa
Common yarrow
Achillea millefolium

RESULTS
Roadside Vegetational Composition and Biomass Production Study
Biomass yield samples were collected along US highway 14 between Brookings
(44.32593,-96.93815) and De Smet (44.376267,-97.541567), SD highway 34 between
Howard (44.00795,-97.462133) and Colman (43.978417,-96.694917), and SD highway
50 between Vermillion (42.78635,-96.966583) and Yankton (42.90895,-97.451767). The
largest yields were obtained from samples along highway 50, with mean biomass yields
significantly higher than samples along highways 14 and 34 in both 2015 and 2016
(Figure 3). Analysis of variance showed transect was significant for biomass yield as
well as the ratio of cool-season biomass to warm-season biomass in the samples. A year
x transect interaction was also significant for ratio of cool-season biomass to warmseason biomass in samples (Figure 3). The effect of year was significant, with production
higher in 2015 than in 2016, for highways 34 and 50, but not for highway 14 (Figure 3).
Comparisons among transects for proportion of smooth bromegrass (SBG) of the total
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cool-season species (CS) component, proportion smooth bromegrass of the total biomass
(TTL), proportion cool-season of the total biomass, and proportion warm-season species
(WS) of the total biomass were also significant. In general, Highways 14 and 34 were
dominated by smooth bromegrass (Figure 4), with Kentucky bluegrass and reed
canarygrass (Phalaris arundinacea) also contributing in a few samples (Figures 4 and 5).
Cool-season species comprised between 80 to nearly 100 percent of the biomass. Warmseason species did not dominate the vegetation along Hwy 50 (Figure 6) to the extent that
cool-seasons did along Hwy 14 and Hwy 34; however, warm-season species did increase
overall species richness.

Figure 3. Mean biomass yields from samples collected in roadsides along SD highways
14, 34 and 50 during late May-early June in 2015 and 2016.
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Figure 4. Roadside vegetation along SD Hwy 14 near Volga, SD (44.32593, -96.93815)
composed of introduced cool-season smooth bromegrass and Kentucky bluegrass and
native cool-season western wheatgrass. 2 June 2016.

Figure 5. Roadside vegetation along SD Hwy 34 (43.978417, -96.694917) composed of
introduced cool-season Kentucky bluegrass, reed canary grass and smooth bromegrass. 7
June 2016.
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Figure 6. Roadside vegetation along SD Highway 50 (42.78635, -96.966583) composed
of native warm-season switchgrass and prairie cordgrass and introduced cool-season
Kentucky bluegrass. 6 June 2016.

Figure 7. Roadside vegetation along SD I-29 (44.154317, -96.760467) composed of
introduced cool-season smooth bromegrass and Kentucky bluegrass. 26 May 2015.
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Seven sites along I-29 were sampled (Figure 1b) between White, SD (44.552283,
-96.756817) and Elk Point, SD (42.641233, -96.6242) for vegetation composition and
biomass production in both 2015 and 2016. Analysis of variance showed that site was
significant for biomass yield of the roadside vegetation. Site was also significant for the
ratio of cool-season to warm-season biomass components. The two southernmost sites
near Elk Point, SD yielded significantly more biomass (5.7 Mg/ha) than the other five
sites located north of Brookings, SD (Figure 7). These two southern sites were also
significantly different from the northern sites for composition with warm-season species
present in 42% of the samples. A strong north-to-south relationship between location and
biomass yield existed between samples along SD I-29 (Figure 8).

Figure 8. Variation for mean biomass production in roadsides, averaged across years,
among seven sites along I-29 sampled during summer of each of 2015 and 2016.

19
Biomass Accumulation Pattern for Native Warm-Season Grasses and Smooth
Bromegrass
Harvest date was significant for biomass production of big bluestem, but not
smooth bromegrass. Biomass yield of big bluestem was highest on 8 August, when it
was in anthesis, with 18.8 Mg/ha and averaged 13.1 Mg/ha across all harvest dates. The
grand mean biomass yield of ‘Rebound’ smooth bromegrass was 2.3 Mg/ha, with no
difference among harvest dates (Figure 9).

Figure 9. Mean biomass yields for swards of ‘Bison’ big bluestem (BBS) and ‘Rebound’
smooth bromegrass (SBG) for each of four sampling dates during 2016 at Felt Farm near
Brookings, SD.

Ancillary Observations of Biomass Production from Native Warm-Season Grass
Establishment Activities
Biomass samples collected from a roadside adjacent to the Dakota Lakes
Research Farm demonstrated how interseeding switchgrass could potentially improve
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biomass production compared with the unaltered smooth bromegrass. For this particular
demonstration, the yield advantage of switchgrass was about three-fold (Table 3, Figures
10a and 10b). No data were collected from the Highmore roadside plantings due to
limited growth in the seeding year.

Table 3. Mean biomass yields (Mg/ha) and coefficients of variability (CV) for
unimproved roadside vegetation (smooth bromegrass) compared with interseeded
switchgrass in the year after planting near Dakota Lakes Research Farm (44.29495,
-100.00589) on 11 August 2015.
Species
Smooth Bromegrass
Switchgrass

Mean
1.3
4.2

CV (%)
33
40

Figure 10a (left). Standing switchgrass after sampling near Dakota Lakes Research Farm
(44.29495, -100.00589). 11 August 2015. 10b (right). Harvested sample of switchgrass
in black plastic bag vs. smooth bromegrass sample in brown paper bag taken near Dakota
Lakes Research Farm (44.29495, -100.00589) showing large difference between species
for biomass production. 11 August 2015.

Native warm-season grass species were abundant, but not always dominant in
samples taken along I-29 between Vermillion, SD and Sioux City, SD in both 2015 and
2016. Interestingly, properly timed precipitation during summer 2016 appeared to
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promote growth of warm-season species along I- 29 between Brookings, SD and Summit,
SD. For example, big bluestem, switchgrass and indiangrass dominated samples
collected on 8 August 2016 north of Brookings, SD (44.32593,-96.93815).
Partitioning the basal 45 cm of mature switchgrass tillers into three 15-cm
sections showed 39%, 33% and 28% of the biomass was distributed in the 0-15 cm, 1530 cm and 30-45 cm divisions, respectively (Figure 11). The biomass production of the
basal 45 cm of switchgrass averaged 6.9 Mg/ha.

Figure 11. Biomass partitioning of switchgrass in three 15-cm segments from ground
level to 45 cm harvested at Felt Farm (44.5240, -96.7702) on 9 November 2015.

Establishing Native Plants in Smooth Bromegrass Sod
Transplanted Forbs
For quick and predictable establishment, forbs selected for evaluation were
transplanted as small plants. Although six forb species were transplanted, only five had
plants that survived into 2016. Rough blazing star had no surviving plants in spring 2016.
Of the five species that survived, only two milkweed plants and one wild bergamot plant
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were suitable for evaluation of flowers. Significant differences were found among forbs
for survival. A location x forb interaction prompted separate analysis for each location
(Tables 4a and 4b). At the Felt Farm, hoary vervain, purple coneflower and common
yarrow had significantly higher survival than milkweed and wild bergamot. Hoary
vervain had the highest survival at Oak Lake, followed by purple coneflower and
common yarrow, with milkweed and wild bergamot having the lowest survival (Tables
5a and 5b).
Table 4a. Analysis of variance for frequency of survival in September 2016 for five
species of forbs transplanted into smooth bromegrass dominated sod in July 2015 at Felt
Farm (44.5240, -96.7702).
Source

DF

MS

Forb

4

11814.9**

Rep

2

163.3

Error

8

1696.7

Total

14

13674.9

Significant mean square values are noted by * and ** at the 0.05 and 0.01 levels of probability,
respectively.

Table 4b. Analysis of variance for frequency of survival in September 2016 for five
species of forbs transplanted into smooth bromegrass dominated sod in July 2015 at the
Oak Lake Research Station (44.50489, -96.53133).
Source

DF

SS

Forb

4

14042.3**

Rep

2

2100.1*

Error

8

1944.5

Total

14

18086.3

Significant mean square values are noted by * and ** at the 0.05 and 0.01 levels of probability,
respectively.
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Table 5a. Mean plant survival in September 2016 for five forb species transplanted into
smooth bromegrass dominated sod at Felt Farm (44.5240, -96.7702) in July 2015.
Species
Hoary Vervain
Purple Coneflower
Common Yarrow
Wild Bergamot
Milkweed

% Survival¶
72.33a
61.00a
50.00a
5.67b
5.67b

¶Means followed by different letters are significantly different at P<0.05.

Table 5b. Mean plant survival in September 2016 for five forb species transplanted into
smooth bromegrass dominated sod at the Oak Lake Research Station (44.50489,
-96.53133) in July 2015.
Species
Hoary Vervain
Purple Coneflower
Common Yarrow
Wild Bergamot
Milkweed

% Survival¶
83.33a
47.33b
22.33bc
5.67c
0.00c

¶Means followed by different letters are significantly different at P<0.05.

Significant differences were found among forbs (i.e., purple coneflower, hoary
vervain, and common yarrow) for number of branches per plant, number of
inflorescences per plant, and plant height (Table 6). Data from milkweed and wild
bergamot were excluded due to low survival. Common yarrow had significantly fewer
inflorescences than purple coneflower and hoary vervain. However, each inflorescence of
common yarrow is a corymb with many heads, each head with many flowers. Hoary
vervain was the tallest of the three species with the most inflorescences per plant and
significantly fewer branches than common yarrow. Hoary vervain had only one
inflorescence per stem (each inflorescence had many flowers), but more stems than
purple coneflower or common yarrow. Purple coneflower produced the largest heads with
many flowers but also the lowest number of branches per plant (Table 7). Examples of
transplanted forbs and grasses can be found in Figures 12, 13, 14, and 15.
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Table 6. Analysis of variance for morphological characteristics of interest for pollinator
attractiveness collected in 2016 for three forbs transplanted into smooth bromegrass
dominated sod in July 2015 at Felt Farm and the Oak Lake Research Station (44.50489,
-96.53133).
No. Branches
MS
17.719
360.5**
53.2
635.5

No. Inflorescences
MS
196.5**
178.9**
36.6
359.8

Height
Source
DF
MS
Loc
1
4892.4**
Forbs
2
8409.1**
Loc x Forbs
2
542.0
Error
50
20341.6
Significant mean squares noted by * and ** at the 0.05 and 0.01 levels of probability, respectively.
Table 7. Mean numbers of branches and infloresences and plant height of common
yarrow, hoary vervain and purple coneflower (PCF) transplants in smooth bromegrass
dominated sod at Felt Farm (44.5240, -96.7702) and the Oak Lake Research Station
(44.50489, -96.53133) in 2016.
No. Branches
Yarrow
10.36a
Vervain
3.88b
PCF
3.42b

No. Inflorescences
6.54a
4.10b
1.63c

Height (cm)
81.21a
66.31b
53.94c

Different letters within columns indicates significant differences between species at P<0.05.

Figure 12a (left). Excellent stand of common yarrow in seeded plot (seeded November
2015) at Felt Farm (44.5240, -96.7702). 25 October 2016. Figure 12b (right). Frequency
grid evaluation of November seeded forbs at Felt Farm (44.5240, -96.7702). Common
yarrow only species present. 6 December 2016.
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Figure 13a (left). Common yarrow transplanted July 2015 at Felt Farm (44.5240,
-96.7702). Note the abundance of branches. 26 September 2016. Figure 13b (right).
Hoary vervain transplanted at Felt Farm (44.5240, -96.7702) in July 2015. Note
inflorescences produced multiple purple flowers. 13 July 2016.

Figure 14a (left). July 2015 transplanted purple coneflower in flower at Oak Lake field
station (44.50489, -96.53133). 26 September 2016. Figure 14b (right). July 2015
transplanted common yarrow flowering at Felt Farm (44.5240, -96.7702). 23 June 2016.
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Figure 15. Big bluestem transplanted July 2015 into smooth bromegrass dominated plots
at the Felt Farm (44.5240, -96.7702). 3 July 2017.

Seeded forbs
Forb frequency grid data were collected at Felt Farm north of Brookings only
because early snow cover at the OLFS did not allow for data collection. When planted in
the spring, red clover produced plants in almost every counted grid point (Figures 16a
and 16b), although low stands of red clover were observed the following spring from the
fall planting. The forb mixture planted in the fall as dormant seeding had a better stand
count than forbs planted in the spring (Figure 16). Of the six species mix seeded, only
common yarrow germinated in 2016, but with adequate stands in the fall planting date
(Figure 16). Sporadic germination of purple coneflower were found in 2017
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Figure 16a (left). Excellent stand of red clover from spring seeding in 2016 at the Felt
Farm (44.5240, -96.7702)). 25 October 2016. Figure 16b (right). Adequate stand of red
clover for spring seeding in 2016 at the Oak Lake Research Station (44.50489,
-96.53133). 26 September 2016.

Figure 17a (left). Native forb mixture seeded at the Felt Farm (44.5240, -96.7702) on 4
November 2015 showing strong common yarrow growth. 3 July 2017. Figure 17b
(right). Monoculture red clover seeded at the Felt Farm (44.5240, -96.7702) on 26 May
2016. 3 July 2017.
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Figure 18. Monoculture seeding of big bluestem at the Felt Farm (44.50489, -96.53133).
Seeded on 26 May 2016. 3 July 2017.

Figure 19. Comparison of mean frequency grid counts of seeded forb and red clover
whole plots at Felt Farm (44.5240, -96.7702) north of Brookings, SD on 6 December
2016. Plots were seeded in either 4 November 2015 (fall) or 26 May 2016 (spring).
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DISCUSSION
Roadside Vegetation Composition and Biomass Production Study
Biomass yields along all transects that were dominated by smooth bromegrass
were lower than those found in an 8-year study by Sedivec et al. (2007) at Hettinger, ND
and Fort Pierre, SD (Mean biomass yield was 2.7 Mg/ha) when harvested in late June or
early July. This suggests that roadside populations of smooth bromegrass may be limited
by edaphic or other factors unique to the roadside environments.
Positive attributes of smooth bromegrass include its superior ability for forming a
dense sod with an extensive underground rhizome mass that protects soil from water and
wind erosion. Of the cool-season grasses, smooth bromegrass is also arguably one of the
top producers of palatable forage for pasture or hay. Northern and southern strains of
smooth bromegrass exist, with southern strains being much more aggressive and higher
yielding than northern strains (Smith, et al., 1986). When compared to biomass yield that
native grasses can potentially produce under optimal management, the current vegetation
dominated by smooth bromegrass found in South Dakota roadsides cannot compete.
In addition to being relatively tolerant of mismanagement in comparison to native
warm-season grasses, smooth bromegrass protects the soil from erosion, is tolerant of
drought and high water tables, is palatable to livestock, and responsive to improved soil
fertility. Western wheatgrass is a native cool-season grass that has similar phenology and
morphology to smooth bromegrass and has also been used in native grass mixes because
it can be planted for quick establishment to prevent soil erosion and to compete with
invasive species. Although highly desirable, western wheatgrass was a very minor
component of the biomass along roadsides in this study, contributing <5% in only 30% of
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the samples. Crude protein in western wheatgrass is slightly lower than that of smooth
bromegrass grass, while the digestibility is similar. Because of the similarities in seasonal
growth patterns, resulting in potential direct competition, smooth bromegrass control
should take place before planting a mix with western wheatgrass (Sedivec, et al., 2007).

Biomass Accumulation Pattern for Native Warm-Season Grasses and Smooth
Bromegrass
Biomass sampling throughout the growing season at the Felt Farm in 2016 was
important in showing how native grasses, in this case big bluestem, continued to gain
biomass yield through anthesis in August; whereas, smooth bromegrass yield stayed
relatively consistent after anthesis in mid-June. At the time of the first sampling in late
June, smooth bromegrass had already reached its peak standing biomass and had begun
rapidly declining in forage quality. This experiment did not make direct comparisons
between species for yield, but rather elucidated differences for the pattern of peak
standing yield across the growing season. In eastern South Dakota, roadsides are not
allowed to be harvested for forage production until July 15 to allow for nested pheasants
to hatch. This time frame would allow for native grasses to reach peak standing crop
before harvest.

Ancillary Observations of Biomass Production from Native Warm-Season Grass
Establishment Activities
Interseeding with commercially available no-till seeders at the Dakota Lakes
Research Farm was useful for realizing the potential of interseeding native warm-season
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grasses for improving economic and environmental benefits from roadsides in South
Dakota. The seeding at Dakota Lakes Research Farm was successful for establishment
and biomass production the year after planting. However, the long-term utility of such
plantings is unknown and would require multiple plantings and harvest management
strategies over several years and locations.
Although native warm-season grasses, such as switchgrass and big bluestem, have
been evaluated for biomass production in multiple plantings near Pierre, SD (e.g., Lee
and Boe, 2005) and throughout the northern Great Plains (Sedivec et al., 2007), this
demonstration, as far as I know, was the first successful planting into herbicide killed
smooth bromegrass dominated sod in a South Dakota roadside. From that standpoint it is
valuable because it provides documentation of successful establishment and increased
biomass production in mid-summer from an interseeded roadside in central South
Dakota. More experiments are necessary to determine the potential widespread impact of
this technique in other roadsides.

Establishing Native Plants in Smooth Bromegrass Sod
A concern with planting tall species into roadsides is the possibility of increased
motor vehicle and wildlife collisions. Forb data collected in this study can give insight
into the role forbs could play into a roadside mix. Even though numerous pollinator
friendly and biodiversity enhancing forb species exist, only six species were evaluated in
this study. Those six were chosen primarily due to their tolerance of Milestone herbicide,
which is commonly used to control Canada thistle (Cirsium arvense). Common yarrow
appeared to have the greatest potential for establishment in smooth bromegrass
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dominated sod, similar to that which occurs in roadsides in eastern South Dakota,
primarily because of its short stature and high survival. It was also the only forb to
establish seedlings in seeded plots at both Felt Farm and OLFS. Hoary vervain was the
tallest species with the highest number of infloresences and the highest survival from
transplanting at both sites. This species was highly attractive for the above reasons;
however, its height could also be a negative issue. Purple coneflower could also be
beneficial in mixes with its intermediate height and adequate inflorescence production.

Final Assessment of Forb and Grass Establishment Experiments in July 2017
A highly positive outcome at the OLFS, still evident in July 2017, was the
enhanced growth of remnant big bluestem in plots that received glyphosate in either
spring (mid-May) 2016 or autumn (late October) 2015. The cover of big bluestem in
those plots ranged from 60% to 80%, with good control of smooth bromegrass and
Kentucky bluegrass. However, yellow (Melilotus officinalis) and white sweetclover (M.
alba) contributed up to 30% of the cover in some of the herbicide-treated plots.
Interestingly, the enhanced growth of big bluestem in response to the decrease in
competition from smooth bromegrass, as a result of glyphosate application in spring or
autumn, appeared to provide an inhospitable environment for establishing forbs or other
warm-season grasses, such as switchgrass.
The establishment of forbs at OLFS from transplanting in July 2015 or seeding in
October 2015 or May 2016 was less than 10%, with transplanted plots of native forbs
having better stands than seeded plots. The spring-seeded red clover was the best stand of
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the seeded forbs, having about 50% stand and producing abundant flowers and seeds in
spring and early summer 2017.
At Felt Farm, the most impressive forbs in the seeded plots were common yarrow,
a native forb, and red clover, a widely adapted introduced forage legume with excellent
forage yield and quality characteristics (Buxton et al., 1985). The red clover stand in the
spring 2016 planting averaged > 70 % in early July 2017. However, red clover behaves
predominantly as a biennial in eastern South Dakota, so its persistence beyond 2017
would require natural or artificial reseeding.
The native forb mix was highly dominated by common yarrow, with the dormant
seeding (75 %) much superior to the spring seeding (20 %) for stand. This was
encouraging simply because it indicated that common yarrow was able to survive the
winter after establishment in eastern South Dakota. Of course, ascertaining its ability to
persist beyond the second growing season would require more years of evaluation.
For the grasses at Felt Farm, big bluestem (frequency grid=80 %) had better stand
establishment than switchgrass (frequency grid=30 %) in the 2016 spring seedings. The
stands of big bluestem would be adequate for forage or conservation purposes. The stands
of these two grasses in the 2015 dormant seedings at Felt Farm were highly variable and
not adequate for forage or conservation purposes based on a frequency grid threshold of
50 % (Vogel and Masters, 2001). Whereas, at the OLFS, no successful establishment of
native grasses was achieved from either transplanting or seeding.
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Epilogue
How potential grass biomass production will be utilized plays a key role in
management strategies for native grasses. Based on the current management of
roadsides, South Dakota landowners would most likely continue treating right-of-way
acres as forage production systems. In many instances, native grasses could greatly
increase forage yield. However, the probability of high biomass producing native grasses
providing sustainable long-term production of high-quality forage is low.
Recent studies conducted in the upper Midwest to determine the effects of
mowing date on switchgrass stands were reported by Casler and Boe (2003). In eastern
South Dakota and southern Wisconsin, switchgrass was harvested in August, September,
or October over a four-year period. Biomass yields decreased substantially in the August
harvest, compared to later harvests, showing stands would benefit from a later harvest,
after senescence. Lee and Boe (2005) also explored the effect harvest time had on yield
of ‘Dacotah’ and ‘Cave-In-Rock’ switchgrass near Pierre, SD. They found that maximum
biomass yields of ‘Dacotah’, an early maturing cultivar, were in July-August, whereas
‘Cave-In-Rock’, a later maturing cultivar, yielded highest in September.
Anthesis was shown to be the stage of highest yield potential for switchgrass, with
yield dropping 10-20% when harvested at maturity after a killing frost. However,
switchgrass for sustainable biofuel in the northern Great Plains should be harvested after
senescence, and at least 10 cm of stubble should remain to maintain stand longevity
(Mitchell, et al., 2012).
Allowing switchgrass to stand until after a killing frost allows plants to translocate
nitrogen and other nutrients into roots, crowns, and rhizomes, decreasing the need for
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fertilizer the following spring. Delaying switchgrass harvest into the following spring
decreased yield by as much as 40%. Properly managed stands of switchgrass can be
productive up to 10 years. Switchgrass should be given a large window of weed free
period. A $50 ha-1 investment in quinclorac herbicide returned $308 ha-1 when compared
to other herbicides during the establishment year. Rates of 560 g ha-1 plus 1.1 kg ha-1 of
atrazine showed the best switchgrass stands in the northern Great Plains (Mitchell, et al.,
2010).
Samson et al. (2008) recently identified several markets available to switchgrass
growers in Canada, including bedding, improving rumen health as a feed additive, and
replacement for woody mulches in fruit and vegetable production. Roadside construction
and drainage ditch erosion can be controlled with switchgrass hydro-mulch. Pelletized
switchgrass can be used around fracking and drilling sites in the US to protect surface
waters. Finally, a major use for switchgrass is as a combustion source for energy.
Converting switchgrass into cubes, pellets, briquettes and as bulk biomass can be utilized
by broilers and combustion appliances.
Switchgrass pellets are also being used for heating homes in the northeastern US.
The cost of producing one gigajoule of heat using switchgrass pellets would be $21.36,
which includes the installation of the appropriate in-home heating system. This system
reduces the output of greenhouse gas emissions and cost of a traditional fuel oil based
heating system, which costs $28.22 per gigajoule. Alternatively using switchgrass to
replace coal in creating electricity reduces greenhouse gas emissions; although it
dramatically increases the price per megawatt; coal alone costs $31.03, whereas,
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switchgrass costs $154.62 (Adler and Perry, 2013). These uses for switchgrass may make
it a viable crop to produce in South Dakota roadsides if a market exists.
Roger Samson (2008) also provided an economic analysis of producing
switchgrass. Ontario farmers are finding that using marginal land with low profitability is
a successful area for switchgrass cultivation with associated low land costs. An analysis
of switchgrass production on marginal and productive crop ground shows that the total
cost to produce a tonne of switchgrass ranges between $22-$25 on marginal ground and
$40-$44 on crop ground. These costs come from renting marginal ground for $148/ha/yr
compared with $370.50/ha/yr for crop ground. Using no-till practices saves growers
$83.98/ha during the establishment year.
Switchgrass is being tested as a feedstock for production of butanol, which is
easier to handle and can be blended at higher percentages than ethanol. Electricity
produced by firing a blend of coal with 10% switchgrass lowers emission of pollutants
while utilizing the same boilers as straight coal. If a higher percent of switchgrass were
to be used, modifications to burners would be needed. At the present time, Chariton
Valley in southern Iowa is the closest plant to South Dakota that utilizes switchgrass for
generating electricity (Collins and Rasnake, 2013).
Recognizing and evaluating roadsides that contain native plant species may help
to identify simple and economic management practices to promote growth of desired
types. My observations from the spring-applied glyphosate at OLFS, as well as the
strikingly obvious abundance of native warm-season grasses, particularly big bluestem,
along I-29 between Brookings and Summit, SD during summer 2016, were examples of
native species being favored in the plant community with proper, and sometimes
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minimum, management in combination with natural climatic phenomena that favor
warm-season physiology. Appropriately timed clipping or mowing or applications of
herbicide and fertilizer can preferentially promote warm-season native plant growth and
development at the expense of the less desired vegetation, predominantly cool-season,
inhabiting the target area.
Contradicting studies show mixed results about timing of glyphosate application,
whether it be in the spring before greenup or in the fall after native species have
senesced. Bahm et al. (2011) tested herbicide applications for controlling smooth
bromegrass in hopes of restoring native grassland communities in southeastern South
Dakota in 2005, 2006 and 2007. It was found that fall applying imazapyr (24.12 oz/ac) +
sulfosulfuron (2.28 oz/ac) + glyphosate (26.27 oz/ac) had the best control of smooth
bromegrass, leaving < 10% after the second year of the study. Smooth bromegrass
control was highest in plots that were treated with imazapyr. However, the authors noted
that the high rates of imazapyr used may have caused a negative impact on native plant
growth (Bahm, et al., 2011).
If undesirable vegetation is eradicated, fertilization can be useful for helping
native plant establishment and expansion. Conversely, fertilizing before unwanted plants
are controlled will promote their growth and hinder the success of native plantings. For
controlling post-emergent competition in native stands, recommended herbicides are
sulfosulfuron and metsulfuron, which control perennial grasses and broadleaves. These
may cause chlorosis in switchgrass and can damage already stressed stands. Dicamba
and 2,4-D can be used for perennial and annual broadleaf control singly or as a tank
mixture for increased chance of control. Finally, quinclorac can be helpful in controlling
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annual grasses. Dicamba, 2,4-D and quinclorac can be used on switchgrass during the
establishment year (Nyoka et al., 2011).
In the current economic state and for the current needs of South Dakota, adapting
and modifying roadside vegetation for cellulosic biomass production from native grasses
for a liquid biofuel market is not feasible. An increase in demand for cellulosic biomass
feedstock and the appropriate ethanol conversion facilities or other types of conversion in
close proximity to the area of production are essential to make this system a reality.
Consequently, for the present, further studies are needed to develop and inventory and
determine the current status of native warm-season grass communities in our roadsides.
South Dakota is just starting to realize the importance of incorporating native species into
roadsides. States like Iowa, Minnesota, and Missouri are well ahead of the curve when it
comes to converting roadsides into native species for habitat and production.
One of the major regulations that poses a threat to the success of roadside native
plantings in South Dakota has to do with the timing and height of state maintenance
mowing and haying operations. Forbs were evaluated in smooth bromegrass sod at Felt
Farm and the Oak Lake Research Station to determine if their natural height would
comply with the SDDOT’s mowing height policies. The species in this study that
survived would not meet the current maximum height regulations of SDDOT.
A logical substitute for the tall native forb species evaluated would be red clover,
which was also planted at Felt Farm and OLFS in this study. Red clover is a biennial or
short-lived perennial, relatively short species that produces multiple flushes of flowers
attractive to pollinators throughout the growing season. In addition, it effectively reseeds
in dense grass stands, most notably smooth bromegrass, in roadways throughout eastern
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South Dakota. Seed of red clover is cheap (less than $6 per kilogram of pure live seed of
new high yielding, disease resistant cultivars) and readily available through local retail
seed dealers. However, red clover is not native to the United States, which may contradict
the philosophy of using only native species, in some cases. Nevertheless, red clover has
the potential to add diversity in roadside mixes and provide excellent season-long
pollinator habitat even though it is not native.
The current regulations enforced by South Dakota’s state agencies will need
modification if the success of planting native species is achievable. Studying the height
and other morphological characteristics of native grasses and forbs will play a role in the
future decisions that agencies make when deciding native mixes to incorporate into
roadsides to create favorable habitat and a sustainable biomass production system. Using
tall species has come under scrutiny due to the belief that drivers in South Dakota would
not have ample time to avoid wildlife coming out of a tall roadside habitat. However,
other US states have made progress in planting native species, which could be a template
for South Dakota.
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CHAPTER 2
ABSTRACT
EFFECTS OF CULTIVAR AND PLANTING DENSITY ON LONG-TERM BIOMASS
PRODUCTION, DEMOGRAPHY, AND MORPHOLOGY OF LITTLE BLUESTEM
JACOB FOLEY
2017
Little bluestem [Schizachyrium scoparium (Michx.) Nash] was a dominant
species on the tallgrass prairie and is well adapted to South Dakota’s coarse-textured soils
and semi-arid climate. However, little is known about its potential for cellulosic biomass
production in the northern Great Plains. Marginal land that is incapable of producing
conventional crops can support high yielding, low input, perennial, and native warmseason grass systems. Species within native grass mixtures compete for nutrients and
space, eventually creating a climax community that is adapted to a particular landscape
position. Little bluestem creates a buffer zone around its crown that discourages
competing plants from establishing and utilizing nutrients, thus enabling it to establish
crowns with extensive root systems that control water and nutrients in its environment.
The objectives of this study were to (i) compare the effects of population density on the
biomass of three little bluestem cultivars ‘Camper’, ‘Badlands’ and ‘Itasca’ and one
cultivar of switchgrass (Panicum virgatum) ‘Sunburst’ in a single harvest per year
production system with harvest during the spring (i.e., biomass is stockpiled in the field
over winter to provide wildlife habitat and vegetation for trapping snow for soil
moisture), and (ii) quantitatively describe demography and morphology of mature plants
of little bluestem subjected to the aforementioned harvest system. Results of this study
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revealed that (i) biomass production of little bluestem (5.2 Mg DM ha-1) was greater than
that for switchgrass (3.3 Mg DM ha-1) over a 5-year period and (ii) greater in 0.6-m row
spacing (5.5 Mg DM ha-1) than in 0.9-m row spacing (3.9 Mg DM ha-1), and (iii) the zone
of inhibition of individual 6-year-old plants of little bluestem was about 3 times the area
of the actual crown. Three cultivars of little bluestem showed potential for long-term
biomass production, relative to switchgrass, on droughty soil in eastern South Dakota.

INTRODUCTION
Little bluestem has played an important role as a dominant species in the Great
Plains from Mexico to southern Canada (Daubenmire, 1978). This warm-season native
grows as a caespitose bunch grass and is adaptable to a diversity of soil textures over a
wide range of soil pH. In the mixed grass prairie, little bluestem provides nesting and
cover for upland birds and is included into native mixes for erosion control (Johnson and
Larson, 1999). Because of little bluestem’s versatility, it has been considered as a
potential source of cellulosic biomass, growing on dry, degraded soils. Marginal soils
offer a possible space to produce cellulosic crops without taking acres away from row
crop production (Boe and Bortnem 2009).
Thriving in a wide range of climates, little bluestem has proven to be adaptable in
dry areas, dominating coarse textured soils. Weaver (1960) conducted prairie studies that
described the distribution of Andropogon species in the Missouri Valley. In southeastern
South Dakota, little bluestem comprised 61% of the area’s study sites, compared to big
bluestem (Andropogon gerardii) which was present in 38%. Switchgrass, another warmseason native tall grass species, is highly favored for ethanol production due to its high
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cellulose content and large biomass potential. Tallgrass species can compete with little
bluestem in lowland areas with high moisture, capturing sunlight and slowly causing little
bluestem to disappear. On level uplands and dry, deep soils of the loess hills, little
bluestem can comprise upwards of 90% of the vegetation. Areas of the midslope and
lower hillsides can be found to have little bluestem cohabiting with other native species.
Little bluestem is able to maximize moisture and nutrient collection using its extensive
root mass (Weaver and Fitzpatrick, 1932).
Because little bluestem was so dominating in the northern tallgrass prairie that
includes Brookings County, it may be the most suitable species for biomass production in
southeastern South Dakota. However, the landscape position and the species used for
production can be a critical factor in biomass crops. A study at the EcoSun Prairie Farms
in Colman, SD focused on establishing both monocultures and mixtures of native species
to find the yield impacts at three different landscape positions: shoulder, midslope and
footslope. Monoculture plots of switchgrass were planted at all three slope positions.
Also at each position was an accompanying monoculture of a warm-season grass, coolseason grass and a forb specie with appropriate growth habits for each specific position.
Along with the monocultures, mixtures of switchgrass and a companion specie were
planted with switchgrass comprising 0%, 33% and 67% of the mixture. At the shoulder
slope position, little bluestem was included as the warm-season grass. Any mixture
containing little bluestem or at least 67% switchgrass was shown to be the highest
yielding at the shoulder slope position. The little bluestem monoculture as well as the
mixture of little bluestem and switchgrass at all rates yielded higher than switchgrass
alone. Similar results at the other slope positions with switchgrass, big bluestem and
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prairie cordgrass (Spartina pectinata) affirm the idea that the mixed grass prairie
contained high diversity with plants that dominated at different position around the region
(Zilverberg, et al., 2016).
Studies that describe yield potential of different cultivars of little bluestem in
seeded plantings in the Dakotas are adequate. However, research that describes the crown
morphology and growth habits of little bluestem is lacking. Little bluestem naturally
allows itself adequate spacing between plants for root and crown expansion to compete
for nutrient uptake. The objectives of this study were to (i) compare the effects of
variation in plant density and row spacing on biomass yields of three cultivars of little
bluestem and ‘Sunburst’ switchgrass and (ii) describe the impact of little bluestem
spacing and density on crown size and associated area of the zone of inhibition/influence.

MATERIALS AND METHODS
Site Description
This study was conducted at South Dakota State University’s South Dakota Crop
Improvement Association Farm near Aurora, SD (44o 18’ 14.49” N, 96o 40’ 14.1996”
W). The soil at this location is a Brandt silty clay loam (Fine-silty, mixed, superactive,
frigid Calcic Hapludolls) (NRCS, Web Soil Survey, 2016). Topography on this site is
< 1% slope. Average monthly precipitation for the growing seasons of 2012-2016 (Table
1) was obtained from Jack Ingemansen, Manager of South Dakota State University
Foundation Seed Stocks.
Seedlings of three selected cultivars (‘Badlands’, ‘Itasca’, and ‘Camper’) and one
cultivar of switchgrass (‘Sunburst’) were started from seed in a greenhouse on South
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Dakota State University’s campus in spring 2010 and transplanted to the research site on
26 June 2010.
Plots of little bluestem spaced plants were established in 2010 in a randomized
complete block with a split-split plot design with three replications. Plant spacing,
density and entry (the 4 entries were 3 cultivars of little bluestem and 1 cultivar of
switchgrass) were considered fixed effects. Row spacing (either 0.6 m or 0.9 m) were
whole plots. Within-row plant density of either 4 (0.6 m intra-row spacing) or 6 plants
(0.3 m intra-row) per row was the first split with entry as the second split.
Plots were harvested during May in both 2013 and 2014 and in October 2016.
Aboveground dead plant biomass was allowed to stand over winter with 2012 growth
harvested in spring 2013 and the 2013 growth harvested in spring 2014. Biomass that
accumulated during 2014 and 2015 was not harvested for biomass but was burned in May
2016.
Before harvesting little bluestem in 2016, two height measurements from each
plot were taken using a meter stick on 20 October 2016. Little bluestem plots were
harvested on 24 October 2016 using a rotary lawn mower with a bagger attachment.
Biomass from individual plots was weighed in the field using a tarp and spring-loaded
hanging milk scale with 0.05 kg accuracy. Grab moisture samples for each cultivar were
bagged in the field and placed in a dryer for 48 hours at 60o C before determining final
biomass yield (Mg DM ha-1).
Data were analyzed using Statistix 8 (Analytical Software, 2003) and orthogonal
contrasts were conducted as described by Hinkelmann and Kempthorne (1994). Planned
contrasts were (i) mean yield of the 3 cultivars of little bluestem vs. mean yield of
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‘Sunburst’ switchgrass, (ii) mean yield of ‘Camper’ vs. mean yield of ‘Badlands’ and
‘Itasca’, and (iii) mean yield of ‘Badlands’ vs. mean yield of ‘Itasca’.
Little bluestem naturally creates an area around its crown that inhibits
competition, allowing it to sequester nutrients. This area around little bluestem plants
where competition is absent will be referred to as the “zone of inhibition” (ZIH) for the
remainder of this paper. The total area occupied by the ZIH in addition to the little
bluestem crown will be referenced as the “zone of influence” (ZIF). After removing
biomass, areas of little bluestem crowns, ZIF and ZIH were determined. Only plots that
contained the original number of plants were used for this data collection. Plants on the
end of rows were excluded from measurements due to potential border effect. On 2
November 2016, little bluestem crown and ZIF diameters were measured from selected
plots by making two perpendicular measurements on each crown and each ZIF. Once the
average diameter was found, the ZIH could be calculated by subtracting the area (cm2) of
the crown from the total area of the ZIF. The average areas of the crown, ZIF and ZIH
were analyzed in a general analysis of variance to ascertain effects of the density, spacing
and cultivar. Figure 1 shows the clear zones of influence of little bluestem. Examples of
‘Camper’ zone of influence can be seen in Figure 2.

Germplasm Description
The three little bluestem cultivars have different genetic backgrounds and
latitudinal zones of adaptation. ‘Itasca’ was released after composites of plants from
eastern North Dakota, north central South Dakota and northeastern Minnesota were bred
together to help the cultivar adapt to varying climates, increase disease resistance and
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vigor. ‘Itasca’ and ‘Badlands’ are similar ecotypes, with ‘Badlands’ being comprised of
plants selected from southwestern North Dakota and western/central South Dakota
(NRCS). ‘Camper’ differs from ‘Itasca’ and ‘Badlands’ in that it is comprised of plants
taken from the prairies in eastern/central Nebraska and Kansas. Camper is best suited for
Nebraska’s climate, however it has shown promise in eastern South Dakota (Boe and
Bortnem, 2009). The switchgrass cultivar ‘Sunburst’, which has shown high biomass
yield in the Dakotas (Sedivec et al. 2009), was used as a comparison or check.
Table 1. Precipitation (mm) data collected at the SDCIA Aurora Research Farm from
the months of April to October.
Year
2012

2013

2014

2015

2016

April

71.1

0

22.9

5.1

53.3

May

170.2

66

53.3

137.2

58.4

June

40.6

144.8

266.7

43.2

66

July

25.4

94

68.6

111.8

124.5

August

38.1

45.7

96.5

71.1

142.2

September

7.6

48.3

38.1

0

99.1

October

30.5

66

0

0

50.8

Total

383.5

464.8

546.1

368.3

594.3
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Figure 1. Crowns of little bluestem with the easily distinguishable zone of inhibition
post-harvest October 2016.

Figure 2. Crowns of ‘Camper’ after burning standing biomass on 22 April 2016.
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RESULTS
Biomass Production
In 2012, main effects of spacing (SPC) and density (DEN) were significant. In
2013, density and entry were significant; whereas, in 2016, spacing and entry were
significant (Table 2). Variation among the 4 entries (i.e., 3 cultivars of little bluestem
and 1 cultivar of switchgrass) was not evident in 2012 but was highly significant in 2013
and 2016 (Table 2).
Table 2. Analysis of variance for little bluestem biomass in 2012, 2013 and 2016
growing seasons.
2012
Source
REP
SPC
ERROR A REP*SPC
DEN
SPC*DEN
ERROR B REP*SPC*DEN
ENT
SG vs LBS
‘C’ vs ‘I’+ ‘B’
‘I’ vs ‘B’
SPC*ENT
DEN*ENT
SPC*DEN*ENT
ERROR C REP*SPC*ENT
TOTAL

DF
2
1
2
1
1
4
3
1
1
1
3
3
3
23
47

MS
1.184
89.380*
2.791
50.471*
7.857
3.931
7.696
11.776
1.546
9.767
0.906
7.299
2.290
3.133

Year
2013
MS
0.150
0.111
1.337
12.577*
0.319
0.177
9.783**
29.241**
0.044
0.063
0.422
1.010
0.843
0.486

2016
MS
1.489
24.854**
0.077
3.619
0.007
1.018
20.633**
56.375**
5.423*
0.101
0.353
1.605
1.146
0.749

Significant mean squares are bolded and noted by * and ** at the 0.05 and 0.01 levels of probability, respectfully.

Figure 3 shows the interaction of ‘density’ and ‘entry’ for 2012. Entry is a general
term chosen to indicate one of the cultivars used in the study. A density of 6 plants within
a row (i.e., 0.3 m between plants) yielded higher biomass than a density of 4 plants within
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a row (i.e., 0.6 m between plants) for the three little bluestem cultivars. Yield of
switchgrass was relatively unaffected by intra-row density (Figure 3).

Figure 3. Effect of the entry x density interaction on little bluestem biomass in 2012.
In 2013, mean biomass yield for the three cultivars of little bluestem was
significantly greater than that of ‘Sunburst’ switchgrass (Tables 2 and 3). Little bluestem
again yielded higher than switchgrass in 2016 and ‘Camper’ produced more biomass than
the average production of ‘Badlands’ and ‘Itasca’. Both ‘Badlands’ and ‘Itasca’
produced similar yields in all three of the years that biomass was determined. As the
study progressed, switchgrass stands declined and became weak (Table 3), presumably
due to competition from little bluestem.
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Table 3. Mean yields (Mg/ha-1) for 2012, 2013 and 2016 for switchgrass vs little
bluestem, ‘Camper’ vs ‘Badlands’ + ‘Itasca’, and ‘Badlands’ vs ‘Itasca’.
Year
Contrast
2012
2013
2016
1
SG
LBS
SG
LBS
SG
LBS
8.04
9.45
0.90
2.75**
0.92
3.40**
2

‘C’
8.89

‘I’ + ‘B’
9.74

‘C’
2.65

‘I’ + ‘B’
2.80

‘C’
3.97*

‘I’ + ‘B’
3.12

3

‘I’
8.69

‘B’
10.78

‘I’
2.67

‘B’
2.92

‘I’
3.21

‘B’
3.03

*, ** Difference between contrast means significant at the 0.05 and 0.01 levels, respectfully.

Crown Morphology, Inhibition and Plant Height
Density had a significant effect on crown area of 7-year-old plants of little
bluestem (Tables 4 and 5). Plants in the density of 0.3-m had significantly smaller crowns
than plants in the 0.6-m density (Table 5). No differences were found between spacing or
among cultivars for any of the three crown-related traits (Tables 4 and 5).
However, with the crown area being the smallest, the average area of the ZIF for
density of 6 was the largest. Pairwise comparisons did not conclude that ZIF area for any
density was significantly different than the others. Furthermore, as the plot row spacing
decreased and plant density increased, crown area significantly decreased (Table 6 and
7). When little bluestem is crowded, a synergistic effect is noticed with the ZIF—more
plants in an area, the larger the interstitial spacing. Figure 4 shows two plots of postharvest crowns from Aurora, SD. Running vertically, the row on the left is a planting
density of 6 and the right row is a density of 3. Notice the major difference in the crown
size of the density of 3 versus the density of 6. Crowns of plants planted in density of 4
were calculated to be 1.34 times larger than crowns planted in density of 6. When little
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bluestem is planted with intra-row spacing of 0.3 m the ZIF of each plant overlaps,
creating a large ZIH buffer zone that allows no other species to compete in the zone.
This made measuring the ZIF difficult without a clear border. Crowding plants may
create small crowns with a large ZIF, while allowing adequate spacing of 0.6 m intra-row
will allow for a larger crown and smaller ZIF.
Table 4. Analysis of variance for the effect of ENT, DEN, SPC on CROWN, ZIF and
ZIH along with their interactions.
MS
Source
DF
CROWN
ZIF
ZIH
SPC
1
12790.8
131793
64525
DEN
1
21278.9*
76800
175997
SPC*DEN
1
87.7
172439
161935
ERROR
11
2946.1
67632
59438
TOTAL
14
Significant P values are bolded and noted by *, and ** at the, 0.05 and 0.01 levels, respectfully.

Table 5. Mean areas of all little bluestem CROWN , ZIF and ZIH area (cm2) for two
densities (DEN).
MEANS
DEN¶
CROWN
ZIF
ZIH
a
a
4
289
1033.4
707.58a
6
210b
1187.3a
785.61a
Mean values followed by different lower case letters represent significant differences at
P<0.05.
¶4=0.6-m, 6=0.3-m intra-row spacing.
Table 6. LSD pairwise comparison of the interaction effect of density and spacing on the
crown area (cm2).
DEN
SPC
MEAN
3
3
332.54a
3
2
307.41a
6
3
241.83ab
6
2
183.12b
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Figure 4. Little bluestem plots at Aurora, SD. Pictured at two rows running vertically
with plot density 6 on the left and density 3 on the right. Notice the large difference in
crown size. 1-24-17.
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Table 7. Minimum and maximum area measurements (cm2) for crown, ZIF and ZIH.
CROWN
ZIF
ZIH
MIN DEN=3
MAX DEN=3

216.42
371.54

718.69
1402

502.27
1063.8

MIN DEN =4
MAX DEN=4

219.04
427.3

717.5
1354.3

492.52
926.98

MIN DEN=6
MAX DEN=6

151.47
271.72

929.41
1885.7

747.65
1687.8

Pairwise comparisons of the mean height of the 4 entries show that each cultivar
was significantly different from each other in height with switchgrass being the overall
tallest at 128.8 cm tall and ‘Camper’ being the tallest of the little bluestem cultivars at
105.25 cm (Table 8). Planting density and between row spacing showed no effect on
plant height.
Table 8. Average height and pairwise comparison of one cultivar of switchgrass and
three cultivars of little bluestem.
ENT
MEAN
SG
128.8a
CAM
105.25b
BAD
96.48c
ITA
87.7d
Biomass by Year
Although data from this study were not analyzed to determine effect of year, a
large difference occurred among the three years for biomass yield (Figure 5). Stands
yielded much higher during 2012 compared with 2013 and 2016. ‘Badlands’ yielded
significantly higher than any other cultivar in 2012 (10.78 Mg/ha). However, yields of
all entries declined in 2013. In 2013, all three little bluestem cultivars were similar in
yield, ranging from 2.65 to 2.92 Mg/ha with switchgrass yielding the lowest average
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biomass. Again in 2016, little bluestem significantly out yielded switchgrass, with
cultivar means ranging from 3.03 to 3.97 Mg/ha. Whereas in the first year of harvest at
Aurora, SD, 2012, switchgrass biomass yield was similar to ‘Camper’ and ‘Itasca’. The
following two years of harvest saw a large decline in yield for both species. The lowest
total rainfall amount was observed in 2012 (Table 1). However, 63% of the total fell in
April-May, arguably the two most critical months for perennial warm-season grass
production. In contrast, the April-May precipitation in 2013 and 2016 were only 14% and
19% of the totals, respectively.

Figure 5. Mean biomass yields (Mg/ha-1) of little bluestem and switchgrass from 2012,
2013 and 2016 growing seasons.

To help visualize the changes in yield over the course of this study, Figures 6, 7
and 8 show the peak standing biomass during 2012, 2013 and 2014, respectfully. Easily
noticeable is the decline in the ‘Sunburst’ stand from 2012 to 2014 as well as the overall
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height of the little bluestem. Yields were lowest in the 2013 growing season. However,
in 2016 yields of little bluestem were about 20% higher than in 2013.

Figure 6. Standing biomass of little bluestem and switchgrass during late August 2012.
The pitchfork stands at 1.6 m tall and is placed directly left of the switchgrass. This
biomass was left standing overwinter and harvested in May of 2013.
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Figure 7. Standing biomass at of little bluestem and switchgrass during September 2013.
The pitchfork stands at 1.6 m tall and is placed directly left of the switchgrass. This
biomass was left standing overwinter and harvested in May of 2014.
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Figure 8. Standing biomass of little bluestem and switchgrass during late October 2014.
The pitchfork stands at 1.6 m tall and is placed directly left of the switchgrass. This
biomass was left standing until being burnt off on 22 April 2016.
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Figure 9. Standing biomass of ‘Camper’ during October, 2016. This cultivar yielded
higher than other cultivars in 2016 with 3.97 Mg/ha.
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DISCUSSION
Little bluestem’s versatility makes it an ideal plant for multiple settings. When
little bluestem dominated the mixed grass prairie, it served as a habitat and grazing
source for native wildlife. The biomass from the 2012 and 2013 growing seasons at
Aurora were allowed to stand over winter and harvested after snow melt in the spring.
An important role in standing little bluestem is its ability to act as a living snow fence,
causing snow to drift. Letting snow drift over little bluestem helps collect moisture for
utilization in the spring after snow melt. In addition, standing little bluestem can provide
natural habitat that contributes cover for wildlife. In the Aurora study, climate may have
played a role in yield production. Total rain fall in 2012 was lower than following years.
However, the majority of the year’s rain fell during April and May. Early rain will bode
well for native species, which is a possible explanation for the large yields in 2012. Rain
totals were adequate in 2013 and plentiful in 2016. However, moisture arrived in June,
July and August which is a less critical timing for native grasses. 2016 saw increased
yields due to improved conditions in the spring with adequate early spring rain, burning
of the previous year’s standing biomass and the addition of nitrogen fertilizer.
Today, little bluestem can be utilized for prairie restoration, biomass production
and implemented into environments that are at risk of high erosion. Harvest and fertility
management can be a crucial factor in little bluestem growth and environmental impact.
Harvest dates of 15 July, 15 August and 10 October showed a quadratic effect on little
bluestem research conducted north of Omaha, NE, using cultivars ‘Blaze’ and ‘PMK129’ (Stubbendick and Nielsen, 1989). ‘Blaze’, an early maturing cultivar, produced
peak biomass on the 8 August harvest whereas the yield of later maturing ‘PMK-129’
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increased to the 10 October harvest with July 15 being the lowest yielding harvest date
for both cultivars. In the same study, nitrogen rates of 0 kg/ha, 100 kg/ha and 200 kg/ha
were tested. Both cultivars yielded highest at the 100 kg/ha application of nitrogen.
Results from yield in the Aurora study coincide with work described by Weaver (1954)
when prairie stands were evaluated after extreme drought throughout the Midwest over a
seven-year span during the 1930’s. Of the native grass species observed, little bluestem
suffered the greatest loss, making room for deep rooted grasses like big bluestem,
switchgrass and western wheatgrass (Pascopyrum smithii) to flourish (Weaver, 1954).
Yield from 2012 little bluestem harvest at Aurora yielded considerably higher
than subsequent years. Switchgrass is a promising biomass producer, however its yield
slowly declined over the course of this study, becoming significantly lower than little
bluestem. This outcome agrees with Weaver (1932), who described the flora of upland
soils as being dominated by little bluestem. This study took place over seven growing
seasons, allowing ample time for little bluestem and switchgrass establishment. But,
yield results show that little bluestem is much more suited for upland soils biomass
production than its C4 competitor, switchgrass. The NRCS explored little bluestem
yields of four cultivars in South Dakota during 1999 and 2000 and published their results
in “Grasses of the Northern Plains”. ‘Camper’ was harvested in Onida, Fort Pierre and
Lake Andes South Dakota. Average yields at these locations were 2.26, 2.12 and 5.04
Mg/ha-1, respectively. The locations in the NRCS study vary greatly by latitude, with
Lake Andes in the south central part of South Dakota with Onida and Fort Pierre located
centrally. Yields found in the current study at east centrally located Aurora, SD are
comparable to those found by the NRCS for cultivar ‘Camper’ (Sedivec et al., 2009).
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Boe and Bortnem also explored variation among natural populations of ‘Camper’ and
‘Badlands’ ecotypes compared to seeded gentoypes. It was found that the tiller
morphology of little bluestem natural populations was similar over a large geographic
area, stretching from northern Montana to eastern South Dakota. Seeded swards of
Camper and Badlands were shown to produce more phytomers and primary axillary
branches on tillers than natural populations. Boe and Bortnem, as well as the study at
hand, have found similar results to Weaver and Fitzpatrick (1932), where caespitose grass
performs best after naturally creating interstitial spacing. From an aerial view, little
bluestem can appear to canopy 100% of a given area, when in reality, only 25% of the
ground cover is sodded basal area. This leads to the assumption that spaced little
bluestem plants become more efficient in nutrient uptake for biomass production when
allowed adequate spacing. Bunch grasses prove to hold an ecological advantage over
rhizomatous grasses growing on upland soils (Boe and Bortnem, 2009).
Results from the Aurora study are unique in that they compare side by side results
of little bluestem to switchgrass over 7 years of growth. In the last year of data
collection, little bluestem had significantly higher yields than switchgrass, pointing out its
longevity. Based on this study, native grass yield decline with age, but at different rates
between species. A study by Vogel and Bjugstad in the Missouri Ozarks area tested the
yield and tillering effect that three years of clipping had on little bluestem, big bluestem
and indiangrass. Clipping each year was carried out at different morphological stages of
the grass species. It was concluded that harvesting biomass after plant dormancy
increased yield for all three species all three consecutive years. In comparison, yields
significantly decreased when plants were clipped before and during reproductive stages.
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Number of reproductive tillers also increased when harvest was carried out after plant
dormancy. Plants clipped during the growing season saw no effect on tiller frequency
(Vogel and Bjugstad, 1968). N’Guessan and Hartnett observed defoliation tolerance of
little bluestem in the tallgrass prairie by testing the effect of multiple clippings during two
growing seasons on yield and tiller density. It was concluded that little bluestem yield
was cut in half when plants were clipped three times per season with no further decrease
in tiller production to plants defoliated from four to seven times. When plants were
clipped eight or nine times in a growing season, the number of tillers, and thereby
biomass, significantly decreased further. Increased frequency of clipping caused a linear
decrease in the number of flowering tillers. Finally, it was concluded that biomass
reduction occurred because of tiller population rather than a decrease in the average size
of tillers (N’Guessen and Hartnett, 2011).
This study aimed to observe growth patterns and morphological differences
between switchgrass and little bluestem in a quantitative manner. Research that describes
little bluestem’s above ground growth and influence on its environment is lacking.
Results suggest that little bluestem is a very competitive species, often dominating upland
and degraded soils. Little bluestem’s longevity and efficient nutrient utilization allow it
to create a climax community in its ecosystem, easily outcompeting switchgrass over
time. Weaver described the vast below ground root structure of little bluestem as very
dense sod that occupies space down the soil profile to approximately 2.5 feet. Roots can
continue branching down to a depth of 4.5 to 5.5 feet. During times of extreme drought,
root depth can be a limiting factor for plant survival. Little bluestem has relatively
shallow roots when compared to big bluestem which can root in excess of 7 feet deep and
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switchgrass which can root 8 to 11 feet deep. Deep rooted plants hold an advantage
during droughts when the water table becomes out of reach for many shallow rooted
plants (Weaver, 1954).
“Zone of influence” (ZIF) and “zone of inhibition” (ZIH) are terms used to
describe the area of above ground growth and alteration of the environment around little
bluestem plants in this study. However, ZIH is typically a term used by microbiologists
to describe the results of Kirby-Bauer disk susceptibility testing. In this testing, agar
plates are inoculated with selected microorganism bacteria before paper disks of
antibiotics are added. Susceptible bacteria growth will be inhibited in rings around the
antibiotic disks, creating a ZIH. This zone is measured to describe the antibiotic’s ability
to suppress bacterial growth (Willey, et al., 2014). Casper et al. uses “zone of influence”
to describe how plant’s root growth and development can alter underground
environments (Casper et al., 2003). For the purpose of this study, ZIF describes how
underground root growth plays a role in the above ground appearance and
competitiveness of areas dominated with little bluestem.
Little bluestem is not the only known plant to compete with its surroundings,
causing a zone of inhibition. Daubenmire explains how select plant species are capable
of controlling their environments with allelopathy, or the release of toxic compounds.
Toxins can be secreted through living plant cells or even in decaying plant residue after
senescence. Some species may even wish to restrict the growth of its own population or
progeny. Almost every plant can contain one or multiple toxic compounds used to deter
competition plant growth. But most of these toxins are quickly consumed by soil
microbial activity or released from well aerated soil. In the case of black walnut trees
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(Juglans nigra), rain water washes compounds to the soil for control of its environment.
Multiple species in the genus Salvia are capable of producing toxins that slow growth of
plants up to 10 meters away. Ring muhly (Muhelbergia torreyi) shows some similar
growth characteristics as little bluestem. The center of ring muhly will decay as the
clonal plant grows outward, away from the center, in a centrifugal pattern (Daubenmire
1974). Little bluestem appears to concentrate its growth in a similar pattern, promoting
growth of new ramets at the outermost crown space.
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